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A now qanoratlon of sa~ntod qoma-rny

mcannora ham boon dovolopod ●t Lo- AIMoa for
scrap and wart. moanuromants ●t tho !%vanna.h
Rlvsr Plant and tho Loa Al&mos Plutonium ~acll-
ity. T’ho now dosiqno aro hlqhly ●utomat-d and
●~hibkt special Caaturan CUCh a- qood a@Pa-
t,atlon ●nd thorough shlaldlnq to Improw par-
formanco.

1. l~lrm

Tho a-say of scrap ●nd wafito in tho nuclear
fu~l cyclo cofitlnuos co ba an important compo-
nent in nuclear matorlal accountability. Tho
soqmontod qarma-ray scanno[- (SGS) Is am lr?por-

tant moasursmarrt tool for the claaa of low..

donmlty matarlaim. Soqmontatloa. rotation, ●nd
tra.namltnio~ m~aaurmmant ●t ●aclr soqmant pro-

vido aasay capability for Atoms hwlnq ●o-
dmqree or hst.aroq~nolty within th~ volw of

Choir crrn~slnaro. Tho SGS t-chniquo (oaultm in
noqllqlbla bias tor somplta contairrlnq firm par-
ticlot of nuclsar matarial dlapsrsad throughout
tho marrim of wacto mmtorlolt.

Historically, SGS moasurol.~nt,m hava boon
plaquod with background intortaroncam from !~oar-
by radiation mourcmu badauao Of lnmdorruate
~nloldlrtq of thw dstact~r, T’hOy hav~ ● llo qUf-
fcrocl from 10SI *ban Ideal aaqmontrntion when th-
dimtanco bctwemr rho dctoctor collimator ●nrl ths
Bamplc lm too l~rqa, riqura 1 ahowm ● @chmmmt.ic
r~praiarrtatlon for an SGS, wharti t.hs detector la
proporly fihielded and t.ha collimator.tn-sample
VI*W anqlai Aro dopi(.t.ad, it 1. obvloua Crom
the flquro that a collimator ~lt.h a Iarqa ●spact

ratio of hor.aonral dopt,h 10 \*nLt.lcal sllt-
holqht nnd wi?h promlmit,y to tha -nmpla ylmldm
qood tcq’mcnt~tlon. that. It, v~rtlral IU1OW●rrqloc
of mlnlrnml varrical ● mt,ol,t,

llac;aunm t.ho corrmctlnn far tor for ntt.mnun.
tlon 1s dopon(Jant upon t.hs rulari,ja qmomor.ly
mnnnq th. do!a(.t,)r ,,rymtal, tho ,.olllmntor nlir,

and tho SMP1O, ● rrora Ilavo also boon mad. by
calibrating with contalnoro much smaller than
tho usual asaay contalnoro but not ualnq indo-
pcndont corroccion factor- tor tha two dlffc-lnq
qoomotrlms. To ●ddroaa such Icouoa Cor spoclflc
plant raqulromonta, tho Lo- Alormn Safoquards
AIIay Group doslqns, builds, tests, lnmtalla,
and ●valuataa prototypa nondastructlvo ansay in-
atrumantfi Cor tho nuclear procosslnq industry.
Specifically, In tho !ast fow yomra, thrt~ now
SGS madol- havo boon croatsdl ● ctarrd-alono
uclt with variabla qoomotry to amsay soalcd con-
tainmra under tho dlroctlon of an oporator who
loada ●nd unloadm tho somplon, an SCS capoble
of ●ssaylnq aomplos within ● qlovoboz contaln-
inq corroalv. fumes, and ● n SGS Cor wactc moas-
uroraonts wlthIn qlovabom contalnmont. SoCtwaro

is continually Improvod to ●utomat. tho asmay,

to provldo moaturmont control, ●nd to provida
Clomibllity for futuro assay nsoda.

11. VA,IMLl -Q ~ S(M

A. bhchMlcal Doalqo

Thla stand-alone modol Is houmsd In a shear,
metal cabinet with Intgrlockod doors for inaar
tlon and removal of a~may itama by tha opar.ator.
Tha machlnary con only opcrato if the doors are
closod for thn protoctlon of tho oparator. Thlc
SGS ham tuu tabloa. on. to tupport tho qcrmanium
detector ●nd lta lntoqral collimator and shield,
And anor.hor t.o support a shadow ~hiold, r.ranm
miuaion sourco aasembly, and a mhuttor asssmbly,
Tho !.ablmo rid. on ball-buahinq rail- and arc
driven from a hlnqlc ~hafr. with rlqht. and :mft
handmd t.hraads, ono thread for ●ach t.abla. ‘~h i 1

AILOWS tho tablam to coma .Ithcr clot-r toqnrhnl
or Cmrthor apart dopmndlnq on ths iensa ,Jf Iota
r Ion of tho shaft.. which la Urlvon by n t.ranll,t
r ion mater in tha hor~montal dlroctlo,., r119
.Iavntlorr and rot.atlorr mmchanlam, whi(, h IHnIISe I
rbt sn.mpls to am mcnnnad acrnam fho ,sI)qla c)r
ViOW of tha dOt#CCu& collimatul , in mottnt *, I t)-
t wa*n I he talla and het.wman t ha tln,lnl,ll 18,,1
tsbl as,
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1. Gonoral ●rrmrqomont for soqmonc?d q-ma-ray scsnnirq.

1. Mtactor Collimator ad ShAalrl Aoso--
b~ . An ~ntoqral donlqn to ahiold tho dot.octor

●nd provido tn. collimator silt for viowinq ths
■amplo Waa croatod ●m twu Ldantlcal shlald

halvom, ●ach containlnq ● homlcyllndrlcal opan-
inq for rho dotoccof cryostat ●nd corrc-pondlnq
halvon of tha collimator milt. Such a dgolgn
● llowa for ●asy fabrication u-lnq a 9t.ainloss
st.oal outor skin into whl(:h lwad can b. cast.
Machlnod tunqmtsn Lnsortl tnr t.hg CO1 llm.4rf7r

,!ould b. ,~s~d to ● liminat~ I rayo wlt.h ●narqios
oroducod by Clunrmsccnc@ or load. Pairs of In
#arr.m with difforont. ~llt. holghr.m could b- uacd
for amsay (:ampaiqrrt .tnwrrq iamplam with ,zr@arly
,vnlyknq holqht.. ll,)wav9r, r tla Ilao iqn f,)r t.hki
modal ~n w-1: as for ~hc ,#thar t ,V,) , ,, !)m ’10
nctibsd wir.hin I,allQ C,]r a 91nqla *III Ilnlqht,
,If IJ,I ,m and a ,,olllmat,)r ,iapt.h (fIOI Ilnnr,tl

●at,ant) I)f 101,5 mm. for an aspo,.r. [arl,) ,IC ilI1.



This shield ?revents tho detector from rectiv -
in.q qanvn.s cays through the collimator from
sources beyond tne samplb.

4. Shutter. Tho shadow shield is machined
co houso a shutter ahsombly that consists of 6
turlqstcn . luttor with a 12.7-tas holo, a housing
for tho slldinq tuaqsten block, and a solenoid
assembly to actuat. tho movomant of tho tunqstan
s.huttor. Tha actuation is in .s verticsl direc-
tion. Tho shutter opans whoa tho solonoAd is
enerqlzod and C1OSO8 when eho solonoid voltaqo
goos to zero. The shutter is positioned botwoon
tho semplo and tho transmission sourco. Whorr

open. tho hola in tho shutter is coacantric with
tha dotdctor crystal. Tho axis of cho hole is
porpondicular to tho axis of rotation of tho
Semplo.

5. Tranadsoloa. Sourca Assadslz. ‘rho
trmrsmission-sourc9 sssombly can be a sirrqlo-
sourco pluq mnuntod into tho shadow shield or a
whool containing savoral sourcos. which can ro-
tate to placo cno sourco at A timo into position
behind tho shutter. ‘rho pluq or whool has bcon
drssiqrrsd to b- machined from tunqst.n. The
whocl dosiqn includes a Gonova mechanism driwa

by ● small stoppinq motor to provido roproduci-
bl.e posicioninq of up to ●iqkit sources. Th*
wheel allows Cor automatic aaaays with multipla
sourcos Cor multipl~ ●ssay isotopas within tho
Semo Sample.

6_, Shae-ShIold TeblQ. This La ● sinqlc-
sholf tablo alao supportod by four ball buahinqa
ridlnq on tho sam. two rails aa tho dotoctor
table. It has a riqht-handad nut mounted to it
for tha translation screw. TM shadow shield,
shuttar dsaombly, ●nd transmission-source aasom-
bly are mountad to the tablo so that ths sourco
and open-shuttsr holo ● ra concentric with tho
datoctor crystal,

‘1~Elovatioa and Rotation I@c!mnlam. The
elevator drlvca tho Sampla-rotation tablo up and
dclwn , Thrso ball-buahinq rods quida tha movo-
ment and thro. ball-nut ●crerra driven by .s
Fimlnq ksclt cormnon to a steppinq motor provide
thm vertical motion. The ssmple-rotation tabla
is dri)en ,directly by another atopplnq motor

mounted beneath it. ‘Tho table haa concentric
Lndontatlt)fls r.hat match tho cylindrical pedes-
tals ,Isar! PO $upport. the cylindrical sample crrn-
*ain*rs, The pedestals hava plastic wallc r.o
i)l’1,/~(lQ IML1)l IIIA1 .3t.renuAtlon when ths det.~ct.or
VLOWS rho ,a~lon )us F. borre ACh A ~~ple can. rho
* Ie,!ap,,?l is ldeslqned to )Iav* sufficient t.rAv*l
to ~h.st. ,}na l.tn (>vor~can t.ho sample, that. 1s,
,nebs tit. tw<) jr three $aqments bot,h .!bvvc and he
),IW ~he ImPla P,> ho !!nnfldont thAt .+11 nul.iaAr

,m,lte[i,tl ,wsa v,mw.d with aqual affi,+ien,.y,

H. Elect.rig,al Dqsiyrr

‘“he itI*t l,mant 11 ,.q)mp,ltmr ,.<)ntr,]l lad,

rhnt~r)tq, ! II* (n,),/ k Itg (:c>myon*t\t * ‘q*IlOIAliy

require electric motors or the solenoid Ln the
case of the shutter. Sensors are also required
to prove that movements requested are Indeed
completed. Mechanical limit switches are also
used to prevent damqe if a motor continues co
run beyond the usual sensor position. The in-
strument computor is maater to a slave micro-
processor that controls mechanism movemoats .
Data acquisition procaeda between the computer
and a dedicated multichannel analyzer (MCA) that
collects tho dlqitized pulses from conventional
qamena-ray spoctroacopy system compoo*nts.

1. Driva *torn. Steppirr.q motors can be
used for CM ●levator, rotator, translator, and
source wheel. Ass alternating-current reversible
motor haa ●lao been used for th~ translator,
Steppinq motors, drivers, and indaxers contain-
i nq microproceaaora can be obtained corrsner-
cially. Special drive :ircuita have also been
used. An ●ncoded ●levator motor ia desirable
to insure ●qual steps durinq the seqmorrted
aaaay.

a Poaitioa Saaeora. Proximity switcheg
have ;;en used to indicate the lowest ●levator
position, the hlqheat ●levator position with tha
tablea far ●part. the hlqheat allowed ●levator
position with the tablea C1OSO toqether, the
far-qeom@try poaitiom of the tables, the near-

qeometry posit$.on nf the tablea, the rotation
of the turntable, ●nd tho open or closed condi-
tion of the doors. @tical switches have been
used in conjunction with a dlac with u,niqu~ pat-
terna of holra to inform the computer aa to
which of the ●lqht source-wheel poaitlons la in

place bshlnd the shutter. The dlac ia mounted
to the shaft between the source wheel and the
Geneva star wheel.

3. Mac2suAcol Limit Switches. Mechanical
microswitchea ● ra used to prtivent the ●levator
motor from drivlnq the ●levator into any machan
lcal stops, ●ither near the top or bottom of
‘ravel, The limit switches are set just beyol)d

the uauai stoppinq positions si.qnal.od t.0 the
computar by the position sensors. If a poslflon
sensor tails, or the computer faila, the llmic
switch will dllsble the rotation of the elevamr
motor independent of the computer,

~Mlcroproceasor CoatroI.4 COmerciAl in

dexars And controllers designed at Los Al:.mn$
have been used to monitor the sensors and ion
trol tho motors. Los Alemos-produced so(twat~
[9s id.nt in the microproce~sor is opo ated In
,!01,:wwnand of An I,nattument comput.or +<) ;,, \

,vide rho automat)d amaayc deslrad. rypi:.):.y,
VI)e mi~-reprocessor per Corma the sequan,, ed ?l],:*
r.*rlr s and .!hecka for unsafa (.onditl<)nq, r!
*xAmple, sensors raedinq :ncorrertly, :t)@ 11



5. Data Acquisition and Analysis. The in-

strumonc computer is interfaced to tha t.lCA. Tha
UCA collacts the qamma-ray spectra under comarrarsd
of tha computar. The germanium datector preamp-
lifier output is shaped and amplified by a nu-

clear instrumentation modulo (NIM) spoctroccopy
amplifier. Tho amplifier output is dlqitisod by
a N:M analog-to-digital convertor (ADc). me
Ciqitixed data aro stored in ckrc WCA under tha
control of a diqital stabilixor, also a NIM

unit. Zero stabilization is based on a losr-
enorqy peak, a qansna ray Crom a low-actLvity
Sou-ce affixed to thm datector cryostat. Tho
rite of qasrsna raya in this low-onarqy peak is
used by the analysis software to corroct for

eiactronic losses ragultlnq from doadthma ●ud
pileup. This sourcs is indicated in rig. 1 as
the count rate correction sourco, Gain stabili-
zation is usually based on a qerrsna rny from the
transmission sourco havinq an enarqy naar tho

top ●nd of tho ADC raqe.

The assay soquenc* follows an initial

dialoq between tho oporator and tko instrumorst
computor usinq tho operator’s tmrminal. Th*
near or far goomotry is then sot. and tho ●lcva-
tor positions tlte turntablo at cha appropriate
upper sensor. Tte operator is raqu~sted to load
tho sample and its podostal, to C1OSO tho door,
and to prass tho return koy on tho tormirsal whoa
ready. The ●lovttor movss to tha prosot posA-

tion for the Cirst seqment. The turntable is
r:~bcad and the wcA collects duta Cor ● preset
‘:Jme interval. Data aro transferred to tho com-
puter for anal}sls and the ● levator moves to tha
nest segnont. At each seqmont, data ● ro col-
loctad with tha Transmission source shuctor oparr

(callad sinqle-pass asaay) or with both tha
shuttar op-n and close~ (called double-pass
assay) as per instructions by the operator in
the initial dialoa. After completion of tho
final soqwent data colloctlon, the turntable 1s
turnad off and tl,e●levator raturna tho turn-
t.abla to its upper sensor poeition, The opera-

tor ie then instructed t.c! opan thQ door, remove
the aampltr and itn podettal, and press tho
return key 6A tho terminal whsn ready, ‘rho com-
puter thsn will cua tho operator for tho dialog
for ●h* next assay.

‘l’h* analysis inclu~oc computation of a co. -

amm.s-ray enerqy beinq deterrrined. This :r~n.-
mission is inferred from measured transmlssl~ns
@f qesramarays Crom the Crar.smlssion source.

Traditionally, software has been written

for the asaay of a sinqlo isotope using one of

its qarmma rays and onti or two qarrana rays from a
sinqlo transmission source. With the advent of
poworful microcompucors, Los Alamos is now pro-

ducinq SGS coda, which allows a super.~isory
oporator to dofio,a saveral qa.msma rays Crom sev-
OrZi assay isotopes aionq with similar numbers
of garwaa rays from ono or more transmission

sourcas. A transmission sourca wheel is re-
quirad for a~tomatic asaay with more than one
transmission source. Tha softwaro will produce
a total corrected count rate for each of the
aasay gsnanu rays. The appropriate transmission
for attenuation correction at .s qiven enerqy is

obtain-d throuqh us. of a gonoral interpolation
alqurithn baaed on tha licear relationship be-
tween the loqarithm of tha ●neryy and che loqa-
rithrs OL t)a ●ttenuation coefficient, Transmis-
sion-ccurct gmma rays near the assay qarnma ray

of interest aro used in tho interpolation or
nearb] ●xtrapolation. Appropriate standard reC-
aroncs maCorials must b. usad to establish tho
callkration constants--one per assay qamma
ray. An ●pproprlato standard could contain a
uniform mixturo of tin. n clear mater~al dis-
persed among tine particlas of a diluting
mat,:ix. Tha calibration constant is the totai

corrocted count rate divided Iy the mass oi ?.he
lscltop, in tho standard sample ●mittinq ~.he
qasma ray.

Asaaya of unknown sampies usif.q multiple

gmrma rays can bs used to identify items con-
taininq larqe particles of nuclear mat.erlal,
which will absort’ moro of their own emitted
radiatiou ●t lower ●norqies than at higher ener
gloat A companion paper, “Recent Advances in
Segmented Gaurmta Scanner Analysis, ” will ‘discuss
current approaches to correct for self-absocp-
ti>n tisinq multiple qamma raya from an emtt.t,lnq

iau>tope.

6. !%rfor9anco, [n an impl~mentation If
th~ varlablo-qeometry SGS Cor asIay of hiqhly

l’$~yb a, the rran~miss~ II•nr~ched uranium with

source, Cive standard reference materials wn:e
prokucert with isotopic ~J5[J malsos ,f 15, i~,
155. 1:5, and )00 q, rcspsctively. NLnary ,1<

ansiys of theso standards worm parforrned in F!,,*

near qeornotry to test the SCSI 18, il. \\, )!
and 18 ●ach, rospectivmly. ‘rho ttttmn!l.tt 1 ; ,
[ecr, on factor varimd Crom 1.6 at 15 / ,) 1 ‘

at 100 q, a canqa or 211%. The IP1.S~ Ire.’* , u“P,.*
standard cloviation of tha ,:alkh[,stl,)n .! ),1{, !1),

the tythl corroctmd co,int. rate per /rAm ,)r ‘1’’”,



TM SGS technique is accura;o provided the
nuclear p.srtlclas are not coo self-absorbing.

111. 111-LIMX SGS POR A G-= UI19 A CO_-

EOSI= AMPEZES

To Cacilitato assay of scrap in tho aqu*-

ous procossinq section of tho Los Alamo, Pluto-
nium Facility, an SGS waa dovwlopod to assay
stairrloss stesl cans of scrap within the 910vo-
box containment. Tha atmosphere within tha
qlovebox ia usually acidic: thereforo, this
unit provides a minimum nunber of moving pbrts
within the corrosivo ●nwirorrment of tho glove-

box . A cylindrical UO1l is suspended from the
bottom of the qlovebox. TM WO1l surrounds a

turntable that ?.s mounted throuqh a bearinq to
a bar maqnet beneath tho boarinq. The bar maq-

net ia suapendod just abcvo tho bottom of tht
well. Borsoath the well ia another bar maqnet
attached to a direct-current motor throuqh
another bearinq aasombly. The two maqnets cou-
ple throuqh the nonferromaqnecic stainl~aa steel

Of ?h* bottom Of tho WO1l t.o ●now rotation oc
tho .ampl. can upon the turntable. The ●lova-
tor drives the ●ntire detector, collimator,
shieldlnq, shutter, and transmission source aa-
$embly to scan the sample within the well. lT~

●levator ia driven witn ● ~toppiaq motor and a

timinq bolt and ball-nut screw mechanism similar
to that previously described. The detector and
Dewar are aoout 170 m shorter than the rtandard
30-1 Dewar modcla conmerci.ally produced, which
i~ a drawbgck in the ●vent the detector fails.
To partially compensate for this pocaibil!.ty, ●n
N-type detector with hiqher neutron damage
threshold waa chosen. A neutron-demaqo repair-
able cryostat was alao spocifled. The unit haa
a collimator ●nd shield aaserably, shadow shield,

shutter, and transmiaaion-source pluq similar

:05 :::;: ?;;:’:::::O “y:;::y ~f ,::;: ;:’’;::

strictad to 239Pu acaay at 145 ●nd 414 koV,

Iv. III-LINE SCli P(M W- CR_I~ICATIOk4

All waste to b. stored at the Waste iaol@-
tion Pilot Plant (WIPP) of the United States
Department of Cnerqy, located ●t Carlsbad, New
Mexico, must be certified accordlilq to the rules

for acceptance at WIPP, The Lo@ Alamoa Pluto-

nium Facility waate manaqemen~ team has conwnis -

sionad rhm Saifequards Assay Group to provide an
in I in@ SGS And an in-line neut,’)n coincidence

(;ountmr for .tasay of containers up to 210.mn

dlarn by 406-Irwn r,all. The two inxt.rumerrts will

be controliad by P.hc sama computor. Because t,he

SGS t.ondc to asxay low when iarqe pnrticles are
prexent and t.hm neut, ron ,:ount. er r.eudx to assay

hiqh when ‘Arrknown induced fission o,;curx, the

pair I)C [asult.s Cot aach irom should pllt a bound

)n r.he assay vaiuo ,)! F hm waate it*m. [t 13

I.opod that, ax the Lnst.tumerrts are u60d, **qrO
,Jated wasras VIII ho ,,h racterise(l F,) !~!ian!iff

And ,:orract bi.!sas. rhm ,{>rrrants ~r .ahO~lt )()

can be “baqqed” out into a 208-1 drum for sh.p-

ment 1:0 NIPP. The sum of the assays of the

cans makinq up the contencs of the drum should
be moro accurate than an assay of the drum
alone. The assay value will be declared aa the
sum. A confirmatory measurement of the 208-1

drum will probshly b. mad. r!or aasurance.

The in-lino SGS for waate cartificati>n,
cormnonly called the WIPP SGS, featuras g~od se.q-
mentation of tho larqe can, complete detector
and shadow shimldinq, shutter, and transmissLon-
source wheel asaetiliea similar to tboae previ-
ously diacusaed. Honvo r, its alevator and
rotator assembly is housod within tho glovebox
contaiamont in a deep rroll beneath tha glove-
box . Tho neutron coincidence couritor ia wrapped
around anothor WO1l boncach the same gloveboz,
This ],nstrfumenc qlovebox haa ● dry at,,losphere
free of acidic corrosive fumes. Iherofore, the
small steppinq motors for the ●levator and rota-

tor are expected to perform well for a lonq
period of time. Tho ●lsvator is another ball-
bushinq rod and bail-r-ut screw Ma.mbly, but is
driven with stainleaa stool ,prockota and chins

by the ●ncoded ●levatlon titoppicq motor, The
rotation steppinq motor is directly coupled to
tho turntable, which ia ftiricated as a thin-
walled stainleas stool podeatal. Tho ●levator
dud rotator ●ssembly can M hoisted up into the
qlovebox if mtiintenuxce ia required, A slnqle
multiple-pin vacuum Ceadthrouqh in the qlovebox

wall provides tha ●lectrical pathways for con-
trol of the ●teppinq motors and monitoring of
the ●levation cnd rotation al naora. The mecha-
nism is ●nti:ely stalnlesa ateol with the ●xcep-
tion of the steppinq motors, proximity aenaors,
and mechanical microawitchea, A C#ature of the

well la the inclusion of ● bolt-on reentrant
rectangular box into which the collimator ~aaem-
bly slipe so ac to qive a minimal qmp betweeo
r.he collimator and tl:e wall of the sample can

Cor improved seqrmentation and l~rsaitivity, The
reqion of th~ boh throuqh which th~ qasrsna rays

penetrate on their way to che eullimator is

thinner than th* reot of the qlovebox walla t.o

minimia~ attenuation. The detector and 1?.3

shield and collimator ●re s,!pported by a table
;upported with ●djustable jacks from the Cloor,

The shadow shiqld, ahutcer, and tranxmisslun

iource wheel aatembly arm xupported by a sacond

freo-xtandlnq tt,ble on the opposite side of the
well. Software An pro:eus will b. nearly Lclon
rlcal ?.0 that far the variable-qaometry S(;S,
$I)ur e.wheal model.

v. IXBICLURI~

t’ho three naw ,vorsiorrs c,f the StiS pr>.)i,!rn

1 lqqed, hiqhiy automated. and accurnr.m rtl<,; ,

f)I Assav )f low-danxit.y $r(ap ~nd wasta, .whi !1



operation. ‘The use of integral shield irsq makes butions wlchin a sample container. The addi -

tbem nearly Lnunune to backqrouna radiation. tion of the source wheel and the more qeneral

Cood seqmenc.sciun without much loss of sensitiv. software makes t),em expandable to assay of addl-

ity makes tnem useful w]th heteroqenaous distri- tional isotopes in the future.


